Abstract-Coordinated Multipoint (CoMP) is one of the new technologies introduced in Long Term Evolution-Advanced (LTE-A) which helps to achieve the requirements of 4G issued by International Telecommunication Unit (ITU). At the same time, it is also one of the techniques for Inter-cell Interference Coordination (ICIC) that assists to eliminate the interference caused by neighboring base stations. Meanwhile, it also able to improve the channel capacity of the system. In brief, CoMP can be implemented for user experiences weak signals especially user at the cell edge because CoMP will coordinate several base stations for transmission. However, there is some challenges that CoMP technique faced which is energy efficiency and this is the main focus of this project because it always becomes ignorance. This project is mainly analyze the energy efficiency of the system by comparing the system with CoMP and non-CoMP or conventional system. There are few types of power consumption's considered which are transmit power, base station power and backhaul power. Therefore, a generic analytical equation is used for simulation conducted in this project. The energy efficiency is in the unit of bits/joule. Via the simulation, a system with best energy efficiency is identified. Besides that, analysis of the results is discussed in details. Other than that, there is further analysis on the system with best energy efficiency. The portion of each type of power consumed from the total power consumption is calculated. Furthermore, there is some suggestions on reducing the power that consumed the most because this kind of power has high potential on further improves the energy efficiency of the system. In addition, this helps to move the world towards green technology path smoother or less barrier.
I. INTRODUCTION
CoMP is one of the key technologies in LTE-A. With CoMP implementation, there is a huge improvement in the performance of network. CoMP has bring the cellular network towards 4G. This technology, the demand of user for high data rate and spectral efficiency can be satisfied. The main problem faced in network is interference but this problem also able to solve by applying CoMP technique into the system. While there is a lot of challenges to implement CoMP such as latency requirement, capacity requirement and so on. Most of the researchers are focus on how to solve the challenges, so that the CoMP can be implemented perfectly. If CoMP is successfully implemented, then the network will be enhanced in terms of throughput and so on. In addition, the network towards a new generation due to the enhancement. However,
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most of the researches focus on the demand of user which is the high data rate and spectral efficiency. Actually there is another crucial issue that they ignored which is the energy efficiency of the system. Nowadays, energy saving is very important. With energy saving, the emission of the carbon dioxide can be reduced. Meanwhile, it can minimize the greenhouse effect and pollution. Since the world is moving towards green technology, the energy efficiency has to be considered in CoMP. With that, the study will be carried out in order to examine the beneficial of CoMP in term of energy efficiency by comparing the energy efficiency of network with CoMP and without CoMP. Furthermore, the study will be carried out in examine the energy efficiency in different type of techniques of CoMP.
The rest of paper is organized as follows: Section II describes the CoMP techniques. Section III explain the energy model of CoMP. Section IV describes the simulation result followed by discussions in section V and conclusions in section VI. Figure 1 illustrates the coordinated multipoint (CoMP) transmission techniques which joint transmission and coordinated scheduling / coordinated beamforming (CS/CB).
II. COORDINATED MULTIPOINT TRANSMISSION TECHNIQUES

A. Joint Transmission
As mentioned in [13] , the main aim of Joint Transmission (JT) is to increase the throughput of the overall system throughput especially the throughput for cell-edge. This is because it able to convert the interference from neighbouring base stations into meaningful signal which can improves the throughput of the system. Meanwhile, JT method can be classified into coherent and non-coherent. For coherent JT, it carries the MIMO transmissions based on the Channel State Information (CSI) from multiple transmission points. The CSI report that UE sent contains the desired PMI, expected CQI and wideband Rank Indicator (RI). This report is sent to all the coordinated base stations. In addition, coherent JT is perform closed loop MIMO operation so it is also known as closed loop JT. However, in order to achieve the aim of coherent JT, there are two things that must be confirmed. First, it must be confirms the synchronization performance is good. At the same time, different in terms of timing error between transmit points must be small in order to know the complete potential gains of the coherent JT scheme [14] . While the techniques such as single frequency network (SFN) or cyclic delay density (CDD) is implemented by the non-coherent JT scheme. It is aims to improve the received signal strength for the UE. Thus, it solve the problem of coherent JT on UEs mobility. The contents of UEs CSI report for non-coherent JT is different. It consists of sub-band CQI and the wideband RI only. Each base station automatically apply the single cell precoding and the information exchanged between the base stations is only the CQI.
B. Coordinated Scheduling / Coordinated Beamforming (CS/CB)
Other than JP, CS/CB is another technique of CoMP using in the downlink scheme [14] . For this technique, the data packets that required to be sent to UE is only transmitted from one of the coordinated base stations. It looks similar to DCS technique mentioned earlier but they are totally different. The chosen base station for transmission of CS/CB technique through decision making based on scheduling information while DCS technique is choosing the base station dynamically for transmission without any decision made. For CS/CB, the decision of user scheduling and beamforming are only made and selection of base station to transmit the data is decided dynamically after the coordination among the transmission point. The CS/CB can coordinate all points in short time and the coordination is strict. At the same time, it makes use of ability of MIMO antenna by beam-forming in a coordinated manner. Besides that, CS/CB also minimizes or even eliminates the interference from neighbouring base stations. This action has causes the signal strength received by user is increase. In LTE-A, there is a few methods have been applied in order to combine the CS and CB. Different combination of CS and CB is categorized according to the complexity and the requirements in terms of CSI feedback and CSI sharing. This section focuses on how the energy model is derived based on the system model. Authors in [18] provides a general overview for energy efficiency and it is measured in bits/joule unit. In other way, energy efficiency means the number of bits able to be transmitted by consumes one joule of energy. Besides that, the energy model is divided into two important parameters which are channel capacity and total power consumption for the system. The power consumption considered in this paper includes transmission power, base station power and backhaul power. Backhaul power is further categorized into inter backhaul and intra backhaul powers. In energy efficiency, the main objective is to maximize the amount of transmitted data with certain power consumed.
A. System Model
In this system model shows in Figure 2 , there are three base stations which performed CoMP techniques in order to avoid interference. Each of the base station is linked to three Remote Radio Heads (RRH). Besides that, each of the base station is connected to a backhaul central unit which acts as a control unit. Here, the transmission from the central unit to all the base station is known as inter backhaul while intra backhaul is for the connection of base station to all the RRH. The total power measurement is based on [21] which is the summation of transmission power, base station power and backhaul power.
B. Channel Capacity
Channel capacity is the number of bits that is able to be transmitted in one second. The channel capacity R can be calculated by,
where P T X , N 0 , and B are denoted as transmission power of a base station, noise power spectral density and system bandwidth. Meanwhile, it is assumed that the channel is additive white Gaussian noise (AWGN) channel. The Eq. 1 is measured in bits per Degree of Freedom (DOF). As mentioned in [8] , 2B is equal to DOF per second based on Nyquist Sampling theory. Therefore, the channel capacity C in our energy model can be computed as follows,
C. Total Power Consumption
There are several types of power consumption considered in this energy model. One of them is the transmission power of the base station P T X . Besides that, there are some other powers consumed in the transmission process which are backhaul power P BH and base station power P BS .
1) Transmission Power (P T X ): In this paper, transmission power is the amount of power consumed to transmit expected or desirable number of bits. The expression is given by,
where P min is the minimum power for the receiver available to receive the signal. Meanwhile 10logK and 10log
are the path loss at the cell-edge for a distance D. Both of the path losses are measured in dB.
2) Base Station Power (P BH ): In order to transmit the data, base station needs to consume some power to work on other processes like signal processing, collects information and so on. The equation for base station power is as follows,
where P BS is the power consumption for one base station. Transmission power P T X in Eq. 3 is also used for the calculation of base station power. Note that the P T X is in dB and need to be converted into the unit of Watts before it can be applied in Eq. 4 . On the other hand α, β, c, and ρ are coefficients in our energy model. Coefficient α represents the scale for the transmitted power due to amplifier, feeder losses and so on. Coefficient β denoted as the power consumption for signal processing while coefficient c is the power consumption for one unit data. Coefficient ρ represents the power consumption for small-form factor pluggable (SFP) device and R is the data rate. For CoMP system, there will be signals transmitted from multiple base stations. Therefore, the power consumption of N number of base stations can be calculated by,
3) Backhaul Power (P BS ): Other than that, the next kind of power consumption is backhaul power. There are two types of backhaul power which are inter backhaul power and intra backhaul power. The intra backhaul power is the power that is consumed for the link coordination within the base station while inter backhaul power is the power that is consumed for link coordination between base stations and backhaul networks or sometimes referred to as switch. The computation of inter backhaul power and intra backhaul power are described in the following section. a) Inter Backhaul Power: As mentioned earlier, inter backhaul power is the power used for link coordination between base stations and backhaul network. Theoretically the amount of power consumed for inter backhaul is higher as compared to intra backhaul power. This is because of intra backhaul power is the power consumption for a single base station while inter backhaul involves multiple base stations. For inter backhaul power, it is in aggregation mode. The details of the inter backhaul power P I nter BH is given by,
In addition, the P
Agg Switch
and P Agg (C A) can be further expressed as follows,
where N eN B is the number of eNB and DL max is the maximum number of downlink interfaces. Meanwhile P DL and P U L are the power consumption for one downlink or uplink interface in the aggregation switch. N U L is the number of uplink interfaces and it can be expressed as follows,
b) Intra Backhaul Power: Intra backhaul power is in the sink mode which is different from the inter backhaul power. The expression is given by,
Therefore, the total power consumption for backhaul can be computed as follows,
There is an additional power which is the circuit power P C also considered as power consumption of the system. P C will be consumed more if the base station desires to perform at higher data rate. Lastly, the summation of Eq. 5 , 11 and the circuit power (P C ) is the total power consumption of the system which as shown in Eq. 12 . 
D. Energy Efficiency
Energy efficiency (EE) is the ratio of channel capacity over the total power consumption. It is measured in the unit of bits per joule. In other words, energy efficiency is the number of bits transmitted by consuming one joule of energy. The energy model can be computed as follows,
IV. PERFORMANCE ANALYSIS This section discusses the simulation results of energy efficiency for different CoMP techniques and conventional system. There are three different kinds of power consumption considered in this paper. All the key parameter is based on valid reference and 3GPP documents, and they are summarized in Table I . Figure 3 illustrates the graph of normalized total power consumption versus energy efficiency. This result considers several design parameters which like transmit power, data rate, circuit power, and switch power. The total power consumption is normalized mainly because of the minimum total power consumption to maximum total power consumption of each system is different. In order to let the results easier to be understood and comparable, the total power consumption of all systems are normalized.
A. Total Power Consumption
In general, it is found that CoMP-JT system offers the best energy efficiency when all the considered power consumption are included. Nevertheless the difference in terms of energy efficiency between these systems is small, especially the difference between CoMP-JT system and the other two systems. The involvement of three base stations for transmission in CoMP-JT system makes it provides the best energy efficiency among all the systems. This is because it can ensure the number of transmitted bits that are lost (i.e., in their way to the receiver) becomes less. There is only one of its base stations will transmit data with 20 W of maximum transmit power, while the other two base stations act like assistance in which help to fill up the data that is loss in the way to the receiver. In addition, there is less or even no interference from the neighboring base stations which also helps to improve CoMP-JT system performance.
Besides that, CoMP-CS/CB system also offer relatively good energy efficiency as compared to the conventional system. The main difference between the CoMP-CS/CB and conventional system is the problem of interference. CoMP-CS/CB system will transmit data based on its schedule. At the same time, other base stations that are not included in the transmission process will be switched off, and therefore the less susceptible to interference. Since the barrier for data to reach to the receiver side is reduced, therefore performance of the system will be improved and indirectly improves the energy efficiency of the system. While conventional system always suffer from the interference problem which degrades its performance, its performance depends on how strong the interference transmitted from its neighbouring base stations. Figure 4 illustrates the graph of spectral efficiency versus energy efficiency. From the figure it can be observed that CoMP-JT system achieves the best energy efficiency because it involves several base stations for transmission. For conventional system, signal generated by neighboring base station will become interference, and thus affects the received signal strength. However for CoMP-JT, it utilizes the neighboring base stations to assist in its transmission process. In addition, it is not only mitigate the interference but also successfully eliminate them. At the same time it converts the interference into meaningful signal which helps to improve the signal strength.
B. SE vs. EE Trade-off
V. DISCUSSIONS
Based on our thorough analysis on the power consumption of CoMP, we found that the power consumed by base station is the most dominant ones. There are two methods to reduce the power consumption for base station in order to improve the energy efficiency of the system. The first method is to reduce the data rate of two coordinated base stations that does not transmit data with 20W of power. Since transmit power of those two base stations will limit its performance, so it is useless if the data rate is too high. It is worthwhile to reduce the maximum data rate of the two base stations to feasible value or value that they are able to perform. In addition, it can save the power consumption for base station and increase the energy efficiency of the CoMP-JT system. Figure 5 shows the result of before and after the data rate is reduced. Although the differences are not apparent, it has an improvement of about 10 Mbits/joule at the peak of energy efficiency.
Therefore, another suggestion to improve the energy efficiency of the CoMP-JT system is by adding the characteristic of CoMP-CS/CB system into CoMP-JT system. Since both of the system are needed to link to the backhaul and communicate between base stations, the idea is to ensure CoMP-JT system to use schedule information to decide on the number of base stations needed to be involved in transmission process. If it is not a peak hour or no large amount of data need to be transmitted, CoMP-JT system may switch off a (or maybe several) base station(s) and just provides the data as much as required only.
VI. CONCLUSION In this paper, various types of downlink CoMP techniques are discussed in terms of energy efficiency. Through our analysis and simulation, Through our analysis and simulation, CoMP-JT offers energy efficiency of 42.44% and CoMP-CS/CB 27.30% compared to non-CoMP for all types of power consumption considered. This mean that CoMP-JT is better technique in CoMP because of it carries the MIMO transmissions based on the CSI from multiple transmission points. In addition, there are two methods suggested in this paper to further improve the energy efficiency of the system which comply the Green Radio in the next generation cellular network. The presented results in this paper is envisaged to give an idea to other researchers and help to move the world towards green technology smoother or less barrier. In the future, our focus will be on implementing the methods to try whether it really helps to improve the energy efficiency. Besides that, another focus will be on optimizing the trade-off value between spectral efficiency and energy efficiency. This is mainly due to the fact that we should not only focusing on energy efficiency and overlooks the spectral efficiency, or vice versa.
